Context: In the last half century, discovering, developing and introducing of clinical agents from marine sources have seen great successes, with examples including the anti-cancer compound trabectedin. However, with increasing need for new anticancer drugs, further exploration for novel compounds from marine organism sources is strongly justified. Objective: The major aim of this study was to evaluate the antitumor and antioxidant potential of Sargassum tenerrimum J.Agardh (Sargassaceae) on Ehrlich ascites carcinoma (EAC) in Swiss albino mice. Materials and Methods: An ethanol extract of S. tenerrimum (EEST) from whole algae was used to evaluate cytotoxicity followed by in vivo assessment of toxicity, using biochemical parameters including hepatic and non-hepatic enzymes. Antioxidant properties were examined in animals bearing EAC treated with daily oral administration of 100-300 mg/kg extract suspension. Results: Antitumor effects of EEST in EAC bearing mice was observed with LD50 1815 mg/kg. Parameters like body weight, tumor volume, packed cell volume, tumor cell count, mean survival time and increase in life span in animals in the EAC bearing animals treated with EEST 300 mg/kg was comparable with control group. Significant differences were also seen with changes in total protein content, hepatic enzymes contents, MDA level, and free radical scavenging enzymes in untreated vs. EEST treated group animals. Conclusions: Evaluation of antioxidant enzymes and hepatic enzymes in the EAC animal model treated with EEST exhibited similar effects as the positive control drug 5-flurouracil. S. tenerrimum extracts contain effective antioxidants with significant antitumor activity.
Introduction
Cancer is a devastating disease with tremendous negative implications at the personal, health care, economical and social levels. About 14.1 million cancer cases were diagnosed around the world in 2012, of these 52.5% were in men and 47.5% in women, and is expected to rise up to 21.7 million by 2030. This disease contributed to total 8.2 million deaths worldwide in 2012 and expected to increase to 13.0 million by the end of 2030 (Burney et al., 2014) . A majority of the deaths associated with cancer occur in low-and middle-income countries with limited access to medical resources and health systems (Miranda et al., 2008) . The search for an effective cure for cancer continues to improve survival of cancer patients (Tohme et al., 2011) . The Ehrlich tumor was initially described as a spontaneous murine mammary adenocarcinoma (Dolai et al., 2012) with the ability to grow in almost all strains of mice as a rapidly growing carcinoma and very aggressive behavior (Calixto-Campos et al., 2013 (Haldar et al., 2010) . The proposed natural drug in this study is Sargassum tenerrimum J.Agardh (Sargassaceae), which is generally planktonic macro alga (seaweed) (Sharma, 1986) . Sargassum grows in from just below the low-water mark to a depth of 10 m and these species are found throughout tropical areas of the world, commonly used as a good source for production of sodium alginate, animal feed, fertilizer, and medicine. Average yield of mannitol from S. tenerrimum is 9%. Sargassum species are demonstrated as potential natural pharmacological source for different health benefits including activities like analgesic, antiinflammatory, antioxidant, neuroprotective, antimicrobial, antitumor, fibrinolytic, immune-modulatory, anticoagulant, hepatoprotective, antiviral activities (Yende et al., 2014) . Sargassum algae extract are reported to be inhibiting tumor cell replication in an in vitro model (Zandi et al., 2010) , where as other studies indicating polysaccharides isolated form Sargassum algae showed significant anti-tumor activity both in vitro and in vivo (Ye et al., 2008) , and improved the immune function in tumor-bearing mice (Chen et al., 2012) . It is also suggested that the Sargassum algae extract competently increase the apoptotic-induced cytotoxicity against epithelial mammary gland and colorectal adenocarcinoma cells (Khanavi et al., 2010) . We hypothesize that; with the antioxidant property of S. tenerrimum this alga may exhibit significant anticancer property. This study was focused to evaluate the anticancer activity of the alga S. tenerrimum in an in vivo model of EAC bearing mice.
Materials and Methods

Collection of plant material and preparation of plant extract
Fresh algae of S. tenerrimum were collected during December (2009) from the Mandapam region, Tamil Nadu, India. No specific permission was required for the collection of these algae as these were collected from regional seashore, not covered by any regulatory body and private land. The alga sample collected was matched with the herbarium voucher specimen of S. tenerrimum (AL-II-114-03) available at CSMCRI Herbarium, India. The alga was shade dried and coarsely powdered and processed for extract preparation and identification of active constituents as reported in our previous studies (Patra and Muthuraman, 2013) . Preliminary observation (data not shown) suggested effective activities by the ethanol extract, and henceforth ethanol extract of Sargassum tenerrimum (EEST) was used in this study for evaluation of antitumor activity. The ethanol extract was filtered, and the solvent was removed under vacuum, using a rotary evaporator. The EEST extract was suspended in a 0.5% carboxymethylcellulose solution and was administered by oral gavage once per day. Mice in control group were given the 0.5% carboxymethylcellulose solution (vehicle control) only. The body weights of individual rats were monitored weekly.
Animals
Adult Swiss albino mice weighing between 25-30 g were procured from Tamilnadu Veterinary and Animal Science University, Chennai. The animals had free access to food and tap water during the acclimatization and experimental periods and were exposed to 12 h of light/ dark cycle during the study. The study was conducted after obtaining necessary Animal Ethical Committee clearance (Reg.No:790/03/ac/CPCSEA).
Experimental design and drug treatment schedule
The mice were divided into 6 groups of twelve animals each as, group-1 -normal control, group-2: disease controls, group-3-5 were treated daily with EEST at dose of 100, 200, 300 mg/kg respectively and animals in group-6 received 5-Flurouracil (20 mg/kg) (Goto et al., 2004) . The experiment was started by inoculating EAC cell line (2x10 6 cells/mouse) to all the animals in group 2-6 and after 24 h animals in the group 1-2 received vehicle control, animals in the group 3-5 were treated with EEST, and animals in the group-6 were treated with the 5-Florouracil and animals were administered daily with drugs/vehicle by oral route. On day 14, after administration of last dose followed by 18 h fasting, six mice form each groups were sacrificed for the study of anticancer activity, hematological, and liver biochemical parameters. Liver was dissected out, homogenized and used for the antioxidant studies. The remaining animals in each of the groups were kept to check the mean survival lime (MST) and percent increase in life span (%ILS) of the tumor-bearing hosts. Various parameters such as body weight of animals, life span of animals, cytological studies of cell lines, hematological parameters, RBC, WBC, hemoglobin, differential count, and biochemical parameters were evaluated in this study. Anticancer effect of EEST was assayed by observation of change with respect to body weight, ascitic tumor volume, packed cell volume, viable and nonviable tumor cell count, MST, and % ILS.
Cells
EAC cell lines were provided by courtesy of Amala Cancer Research Center, Thrissur, India. They were maintained by weekly intraperitoneal inoculation of 10 6 cells/mouse (Gothoskar and Ranadive, 1971) .
Toxicity evaluation (LD50) and dose selection
Acute toxicity study was conducted in animals after acclimatization to laboratory conditions, animals were divided into 6 groups of 6 mice each with access to free food and water ad libidum. The control received vehicle control used, while the experimental groups received EEST orally at different doses of 500, 1750, 2000, 2500 and 3000 mg/kg for 40 days and observed for signs of toxicity like behavioral changes, increased respiratory rate, nervous imbalance and death. The toxicological effects were observed in terms of mortality expressed as LD50 (Jung and Choi, 1994) . Based on the experimental observations, the acute oral LD50 of the extract was calculated by the use of software for probit analysis (Environmental Protection Agency Probit Analysis Program, used for calculating LC/EC value, Version 1.5).
In vitro cytotoxicity
The tumor cells were used to study the cytotoxicity of EEST after aspirating from the peritoneal cavity of tumor bearing mice. Cells were divided into 4 tubes, and were mixed with EEST at 0, 25, 50,100 μg/ml concentration respectively and incubated at 37°C for 3 h for cytotoxic activity. After incubation, 1% tryphan blue dye in isotonic saline was added to each tube and viability was evaluated by calculating the ratio of viable (unstained) and dead (stained) cells. The cytotoxicity was calculated as number of viable cells over number of total cells and was presented as percentage of cytotoxicity.
Mean survival time and percent increased in life span
Survival time for the animals treated with EEST and effect of EEST on tumor growth was observed by MST and %ILS (Sur and Ganguly, 1994) . MST of each group containing 6 mice was monitored by for 7 weeks and endpoint of experiments was determined by spontaneous DOI:http://dx.doi.org/10.7314/APJCP.2015.16.3.915 Antitumor and Antioxidant Activity of Sargassum Tenerrimum against Ehrlich Ascites Carcinoma in Mice death of animals to calculate % ILS using GrpahPad software.
Determination of biochemical markers, hepatic and antioxidant enzymes
Blood sample collected from the experimental animals was used for the estimation of biochemical parameters including total cholesterol, uric acid, triglycerides, glucose and protein using automatic analyzer (Hitachi, Tokyo, Japan). To estimate the serum hepatic enzymes level in the experimental animals, serum was separated and the level of SGOT, SGPT, ALP and LDH were estimated by using commercial kit as per manufacturer's instruction (Span diagnosis Ltd, Surat, India). Antioxidant enzymes were evaluated in the liver tissue collected from the experimental animals after excision and immersion in ice-cold saline. After rinsing twice in buffer, the liver was weighed and homogenized with a Teflon potterElvehjem homogenizer in measured volumes of Phosphate buffer (pH 7.4). The homogenate was then centrifuged at 10,000 rpm for 10 min. The supernatant was used for the investigation of the level of super oxide dismutase (SOD), lipid peroxide (LPO), reduced glutathione and catalase (Mohun and Cook, 1957; Misra and Fridovich, 1972; Sinha, 1972; Moron et al., 1979; Ohkawa et al., 1979) .
Statistical analysis
All in vitro experiments were performed in triplicate and results are represented as means±SD. ANOVA followed by Tukey test was performed in this study to evaluate the significant differences among groups. The acute toxicity of mice was demonstrated using the Kaplan-Meier method and the logrank (Cox-Mantel) statistical test was applied to compare the curves for nonparametric procedures. Values where p<0.05, differences were considered significant at representing two-sided test of statistical significance.
Results
Phytochemical screenings of S. tenerrimum suggest that ethanolic extract of the algae contain alkaloids, flavonoids, steroids, glycosides, phenols and saponins which are believed to be the potential component for anticancer activity (Table 1) (Khan et al., 2012) .
Toxicity evaluation (LD50) of EEST and effect on survival time
In acute toxicity study for extract of S. tenerrimum, the alga was evaluated for mortality in the animals treated with highest dose up to 3000 mg/kg (Figure 1 ). The LD50 was calculated to be 1815 mg/kg and safe dose was determined by organization for economic cooperation and development (OECD) guidelines.
The extract shows sedation, hypnosis, and mild muscle relaxant property. Administration of EEST reduces the tumor volume, packed cell volume, and viable tumor cell count in a dose-dependent manner when compared to EAC control mice. In EAC control mice, the average survival time was 19±0.25 days. Whereas, it was significant increased median survival time (24±0.33, 26±0.49, 33±0.58) with different doses (100, 200 and 300 mg/ kg) of EEST and standard drug, respectively. The lowest concentration of the EEST had a significant 40% increase in mean survival time in comparison with tumor control and the intermediate concentration had 59% increase. The highest concentration of EEST used had the better survival time (84.7%) and was also very close to the standard control 5-flurouracil (5-FU) (91.4%). MST and the effect of EEST (100, 200 and 300 mg/kg) at different doses on tumor volume, viable, and nonviable cell count were shown in Figures 2 and 3 . 
Cytotoxicity effect
Cytotoxicity of EEST was done by standard in vitro method, where three different concentrations of the ethanolic extract of selected algae were used to evaluate the toxicity towards EAC. The lowest concentration of EEST (25 μg/ml) had significant effect on cell death as the percentage of viable cells was reduced to 50% compared to control group. With increase in concentration of EEST the percentage of viable cells further reduced indicating dose dependent response of EEST towards EAC cells. At 100 μg/ml concentration more than 80% cells were found to be dead (Figure 4) .
Effect of EEST on biochemical parameters
The influence of EEST on the biochemical parameters like glucose, triglyceride, total protein and uric acid level of EAC bearing and normal mice were carried out ( Figure  5 ). Glucose concentration in the tumor bearing control mice (group-2) was found to be lowered compared to control group (group-1) and when animals were treated with EEST (300 mg/kg) (group-5) the glucose level came to close normal level and similar observations were noted in standard 5-FU drug. In tumor bearing mice the cholesterol level was comparatively higher than the normal group however in the animals in group-5 treated with EEST (300 mg/kg), the cholesterol level dropped down to the level similar to control animal and similar effects was observed with 5-FU. At 100 and 200 mg/ kg of EEST the cholesterol was not significantly altered compared to the group-2 animal.
Triglycerides concentration level showed similar characteristic with cholesterol, found to be decreased in the tumor bearing mice compared to the control group. In treatment with EEST at both 100 and 200 mg doses the triglyceride level increased and the 300 mg treated group have significant effect on triglyceride by bringing the concentration back to normal as achieved by 5-FU. The total protein was found to be elevated in the tumor bearing mice and in treatment with EEST it was found the total protein concentration decreased to normal level as dose dependent manner. Uric acid was higher in the tumor bearing mice compared to the normal group of mice and it was found that the concentration of uric acid decreased to normal level in the animals treated with EEST. These biochemical parameters indicate that in treatment with EEST at 300 mg/kg the drug was able to show significant activity and was able to mimic the condition with normal animals as observed with standard drug.
Effect of EEST on hepatic enzymes
Level of hepatic enzymes in the serum is indicator state of the liver or biliary system integrity and in this study induced liver damage in EAC bearing and treated mice were estimated (Figure 6 ). Level of three major hepatic (SGOT, SGPT and ALP) and one non-hepatic enzyme (LDH) were evaluated in this study to find out the effect of EEST. Marked elevation of these enzymes in liver tissue in the tumor bearing mice indicates damage to the tissue and administration of EEST to the animals bearing tumor was expected to reduce oxidative stress indicating its protective role in liver tissue. This study supported this hypothesis, where change in the activities of some liver :http://dx.doi.org/10.7314/APJCP.2015.16.3.915 Antitumor and Antioxidant Activity of Sargassum Tenerrimum against Ehrlich Ascites Carcinoma in Mice enzymes in tumor bearing mice was observed, and it may be associated with antioxidant property of EEST exhibited ( Figure 7) . Interestingly, when EEST was administered to tumor bearing mice, all elevated hepatic enzyme levels were dropped to a level comparable with control animals (group-1), supporting the antioxidant and hepatoprotective role of EEST.
Effect of EEST on antioxidant enzymes
The antioxidant potential of S. tenerrimum was evaluated by estimating parameters like super oxide dismutase (SOD), lipid peroxide (LPO), reduced glutathione, and catalase in the liver tissues of EAC bearing mice (Figure 7) . LPO level was found to be highly elevated in the tumor bearing mice and treatment with EEST, the level of LPO decreased and it was in comparable with increased concentration of EEST. At 300 mg dose of EEST, the concentration of LPO showed no significant difference than control normal mice indicating the effect of EEST as antioxidant.
On the other hand, the concentration of glutathione in the tumor bearing mice was less than half in comparison with normal control. In treatment with EEST, the glutathione concentration reversed, however, with the two lower concentration of EEST the concentration was not significantly closer to normal control. But the highest concentration of EEST (300 mg) had a significant action on reversal of glutathione concentration to normal. Similar observations were also made with catalase and SOD. In both cases of catalase and SOD, the concentrations of these enzymes were lowered more than half in the tumor bearing control mice. When these mice were treated with EEST, the levels of these enzymes were observed to be elevated with EEST. At 300 mg dose of EEST, the level of catalase was elevated but was not very close to the normal control as it was observed in the positive control drug 5-FU, however, the effect was concentration dependent. This drug EEST was comparatively better effective in reversing the condition of SOD. At the highest dose used in this study i.e., 300 mg the concentration of the SOD in the body was no significantly different than normal control mice. In all the antioxidant enzymes evaluated in the study they were altered in the tumor bearing control mice. When these mice were treated with EEST at three different concentrations, the levels of these enzymes were found to be reaching normal control mice concentration as dependent of dose. In the entire enzymatic assay, the positive control drug used 5-FU was able to bring it to normal level. This indicates the effect of drug was based on the mechanism of antioxidant activities.
Discussion
This study is an example to illustrate the intense excitement which surrounds the achievements in the area of new anticancer leads from marine organisms in last two decades (Simmons et al., 2005) , and remarkable successes in discovering, developing and introducing clinical agents derived from marine sources are continuously being reported (Desbois, 2014) . Several marine-derived drugs have entered clinical trials for cancer therapy, but failed in different stages due to the lack of the expected therapeutic efficacy (Riely et al., 2007; Lu et al., 2010) . In last few years, strategy for the screening and discovery of new anticancer leads from nature has been seen to evolve with novel approaches, and at same time screening strategies are continuing to evolve, probing new ideas and knowledge of cancer, introducing high modern screening techniques and new analytic methodologies (Dolma et al., 2003) . In this study an attempt was made toward identification of novel anticancer drug and we carried out this research work to evaluate the antitumor effect and antioxidant status of S. tenerrimum on EAC-bearing mice. In earlier reports of the Sargassum species such as Sargassum wightii Greville (Sargassaceae) (Singaravelu et al., 2007) , Sargassum polytricum (Sargassaceae) (Khanavi et al., 2010) have presented potential anticancer activity, it is suggestive that algae from this species have potential anticancer properties.
S. tenerrimum a marine alga is predominant in the coastal areas of Tamil Nadu and all around the world and was selected for further investigation for anticancer property based on our preliminary results from screening for chemical agents in Sagassum species. Ethanolic extract of this alga was selected based on the observation of presence of various phytochemical constituents including alkaloids, flavonoids, glycosides and sterols. These components have been reported extensively toward the explanation of various natural drugs for their anticancer activities (Brown et al., 1991; Lee, 1999; Ali et al., 2012) , and hence ethanol extract was selected to evaluate the anticancer property of S. tenerrimum and was administered orally as a suspension and subjected to in vitro and in vivo studies.
Prolongation of life span and decrease in WBC has been the persistent criteria for judging the potency of any anticancer drug (El-Shemy et al., 2010) . When EEST was administered to the animals, it was evident that life span of the EAC bearing mice was increased by restricting the activity of the EAC cells (Figure 2 ). In cancer, decrease in nutritional fluid volume and arresting the tumor growth may increase the life span of animal (Knopp et al., 2011) , and similar effect was observed in EAC-bearing mice treated with EEST. The algae extract was successful in reducing the ascites fluid volume, viable cell count, and increased the percentage of life span, supporting its anticancer properties. Tryphan blue dye exclusion assay for in vitro cytotoxicity studies revealed that this algal extract is toxic to the EAC and percentage cell death was in concurrent with concentration of algal extract (Figure 4) .
Disturbances of the carbohydrate metabolism are fairly common in patients with malignancy and hypoglycemia is a characteristic feature of all types of cancer (Lengyel et al., 2013) . Uncontrolled gene expression leads to an increase in the protein concentration and with increase in the cell turn over, level of uric acid increases in EAC bearing mice. Liver being the immediate target organ affected by fast growing EAC cells (Szabados et al., 1989) , leads to an alteration in the lipid profile. These biochemical events are known to be altered in EAC bearing cells (Gupta et al., 2004) and were observed in the disease control animals (group-2). Animals in the group 3-5 treated with EEST restored these biochemical parameters and evident of antitumor potential of the EEST on EAC cells ( Figure 5) . Serum enzymes been used as possible early indicators of neoplasia and as aids in the progression and regression of cancer (Bodansky, 1973) . Sometimes, cytotoxic agent itself or its toxic metabolite may cause hepatotoxicity, however in other instances they can be carcinogenic. In case of rapid cell destruction associated with extensive purine catabolism (Schwendel et al., 1994) , urates as the metabolite from purine metabolism may precipitate in the renal tubules and may lead to complications in liver and kidney and damage of the organ (Weber, 1983; Fini et al., 2012) . Hepatic enzymes (SGOT, SGPT and ALP) in EAC inoculated animals is known to be elevated (Salem et al., 2011) and similar observation was seen in this study with significant increase in the enzyme. By treating the animals with EEST, levels of these marker enzymes were remarkably reversed to normal level suggesting restoration of the function and integrity of liver ( Figure 6 ).
Free radicals and its implication in tumor has been studied extensively (Feng et al., 2001; Ravid and Koren, 2003; Czeczot et al., 2010; Salem et al., 2011) . Lipid peroxidation, an autocatalytic free radical chain propagation reaction is known to be associated with pathological condition of a cell (Czeczot et al., 2010) . Increase in lipid peroxidations will lead to degeneration of tissues and lipid peroxide formed in the primary site is now transferred through circulation and provoke damage by propagating the process of lipid peroxidations (Kumar et al., 2003) . As a cancer grows, its physical presence can affect nearby tissues and may affect functions of the vital organs, especially the liver. In carcinomatous tissue, malondialdehyde (MDA) which is the end product of lipid peroxidations is higher than in non-disease organs (Sinclair et al., 1990 ) and its level is interrelated with advanced clinical stages and the impairment is related to tumor progression (Ahmed et al., 1999) . Additionally, because of high toxicity of MDA and inhibitory action on protective enzymes, MDA is claimed to act as a tumor promoter and co-carcinogenic agent (Seven et al., 1999) . Decrease in SOD activity in EAC cells and the loss of mitochondria, leading to a decrease in total SOD activity in the liver of EAC bearing mice (Sun et al., 1989) .
Glutathione, a potent inhibitor of neoplastic process play an important role as an endogenous antioxidant system that is found particularly in high concentration in liver and also is known to have key function in protective process (Rudin et al., 2003) and glutathione and catalase are also involved in the free radial scavenging activity (Ozkan and Fiskin, 2004) . In disease control animals (group-2) reduction in the level of scavengers was observed as a result of tumor growth, where as treatment with EEST reversed the levels of these scavenges to normal level of LPO. Significant increase in the LPO levels in the liver of tumor bearing mice may relate to reduced activity of GSH. These above observation of antioxidant measures in the animals treated with EEST were comparable with the standard drug 5-FU (Figure 7) .
Antitumor activity of S. tenerrimum is to be an adjunct to the increase of antioxidant property. The extract also restored the hepatic lipid peroxidation and free radical scavenging GSH as well as antioxidant enzymes in tumor-bearing mice to approximately normal levels. Plant and algal derived extracts containing antioxidant principles is known to be cytotoxic towards tumor cells (Li and Oberley, 1997) . The free radical hypothesis supported the fact that the antioxidant potential of S. tenerrimum effectively inhibited the tumor growth and the observations of anticancer activity may be correlated with the antitumor and antioxidant principles present in the extract. Further studies will be focused on the isolation of the active principles responsible for the antitumor potential of S. tenerrimum.
In conclusion, EEST possessed significant anticancer and antioxidant activity due to the presence of alkaloids, terpenoids and flavonoids. Further investigation to evaluate the active ingredients and understating the mechanism of action will provide new scope of use of marine organism as a potent source of anticancer drugs. .
